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Ṁ = −|γ|(M ×H) + α
M




























































ΔҟํੑΤωϧΪʔ εK ͸ࣜ (2.3)Ͱද͞ΕΔɻ










ωϧΪʔ εA ͸ࣜ (2.5)Ͱද͞ΕΔɻ
εA = A(∇m⃗)2 (2.5)
͜͜Ͱ A͸ަ׵εςΟοϑωεఆ਺Ͱ͋Γɺ୯Ґ͸ erg/cmͰ͋Δɻ͜ͷࣜ (2.5)Λม෼࣓ͯ͠քʹͨ͠ࢉ׵΋ͷ
Λަ࣓׵քͱݺͼɺࣜ (2.6)Ͱද͞ΕΔɻ
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2.4.6 DMI࣓ք




DMIޮՌʹΑͬͯੜ͡ΔΤωϧΪʔΛ DMIΤωϧΪʔͱݺͿɻք໘ DMIΤωϧΪʔ͸ࣜ (2.7)Ͱද͞ΕΔɻ
εDMI = −Dij · (Si × Sj) (2.7)


























εΩϧϛΦϯ͸ 1960೥୅ɺTony SkyrmeʹΑͬͯఏএ͞ΕͨӔঢ়ͷߏؾ࣓଄ମͰɺ௚ܘ͸ 1ʙ100 nmఔ౓Ͱ͋
Δ (ਤ 2.2) [13]ɻ
ਤ 2.2: εΩϧϛΦϯ
2010೥ɺMnSi΍ FeGeͳͲͷ B20߹ۚͱݺ͹ΕΔੑ࣓ମͷதͰ࣮؍ʹࡍଌ͞Εͨ [14]ɻ
2.6 εϐϯిྲྀ
εϐϯిྲྀ [15, 16]ͱ͸ྲྀΕ͍ͯΔిࢠͷεϐϯͷ͖޲Λ͋ΔҰఆͷํ޲ʹଗ͑ͨిྲྀͷ͜ͱͰ͋Δɻ
εϐϯిྲྀʹΑΔؾ࣓ࢠݪϞʔϝϯτͷӡಈ͸ࣜ (2.10),(2.11)Ͱද͞ΕΔ [15, 16]ɻ
Ṁu = −(u ·∇)M +
β
M















1998 ೥ɺChappert ΒʹΑͬͯΠΦϯরࣹʹΑΔੑ࣓ମͷؾ࣓ҟํੑ੍͕ޚใ͞ࠂΕͨ [17]ɻ͜ΕʹΑΔͱɺ
















Ṁ = −|γ|(M ×H) + α
M
(M × Ṁ) (3.1)
͜ͷ LLGํఔࣜʹɺεϐϯిྲྀʹΑΔޮՌΛදࣜ͢ (2.10)ΛՃ͑Δͱࣜ (3.2)ͱͳΔɻ
Ṁ = −|γ|(M ×H) + α
M
(M × Ṁ)− (u ·∇)M + β
M
M × [(u ·∇)M ] (3.2)
͜͜Ͱࣜ (3.2)͸྆ลʹະ஌ม਺ Ṁ ؚ͕·Ε͓ͯΓγϛϡϨʔγϣϯͰ͸࢖༻͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊɺӈล
ʹະ஌ม਺Λ·ͱΊΔΑ͏ʹࣜมͨ͠ܗ [22]ɻ
·ͣM ͷ୯ҐϕΫτϧmΛ༻͍ͯ܎਺Λ·ͱΊΔɻ
ṁ = −γm×H + αm× ṁ− (u ·∇)m+ βm× [(u ·∇)m] (3.3)
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ࣜ (3.3)ͷӈลͷϕΫτϧ uΛ੒෼ຖʹ෼ղ͢Δɻ



































) + βuym× (m×
∂m
∂y



















) + βuym× (m×
∂m
∂y



















) + βuym× (m×
∂m
∂y























͜͜Ͱm× ∂m∂x = n
x, m× ∂m∂y = n
y, m× ∂m∂z = n
z ͱ͓͘ɻ
ṁ = −γm×H + α[−γ{(H ·m)m−H}− αṁ
−uxnx − uyny − uznz










+βuxnx + βuyny + βuznz (3.8)
ࣜ (3.8)ͷӈลΛ੔ཧ͢Δɻ
ṁ = −γm×H − αγ{(H ·m)m−H}− α2ṁ
−αuxnx − αuyny − αuznz










+βuxnx + βuyny + βuznz (3.9)
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ࣜ (3.9)ͷ ໨ͱߦ2 ໨Λ·ͱΊΔɻߦ5
ṁ = −γm×H − αγ{(H ·m)m−H}− α2ṁ
+(β − α)(uxnx + uyny + uznz)












(1 + α2)ṁ = −γm×H − αγ{(H ·m)m−H}
+(β − α)(uxnx + uyny + uznz)















[−γm×H − αγ{(H ·m)m−H}
+(β − α)(uxnx + uyny + uznz)
















mi(t+ dt) = mi(t) +
1
6




k1 = ∆t · f(t,mi(t))
k2 = ∆t · f(t+ ∆t2 ,mi(t+
∆t
2 ))
k3 = ∆t · f(t+ ∆t2 ,mi(t+
∆t
2 ))
k4 = ∆t · f(t+∆t,mi(t+∆t))
(3.14)
͜͜Ͱɺmi(t+ ∆t2 ),mi(t+∆t)͸ΦΠϥʔ๏Λ༻͍ͯٻΊΔɻΦΠϥʔ๏͸ࣜ (3.15)Ͱද͞ΕΔɻ
mi(t+∆t) = mi(t) +∆t · f(t,mi(t)) (3.15)




























(k4 :) mi(t+∆t) = mi(t) +∆t · f(t+∆t,mi(t+∆t))
= mi(t) +∆t · k3 (3.18)
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Αͬͯ ࣜ͸ࢉܭͷϧϯήΫολ๏ͷ࣍4 (3.19)Ͱද͞ΕΔɻ
mi(t+ dt) = mi(t) +
1
6




k1 = ∆t · f(t,mi(t))
k2 = ∆t · f(t+ ∆t2 ,mi(t) +
k1
2 )
k3 = ∆t · f(t+ ∆t2 ,mi(t) +
k2
2 )
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ࣜ ࣜʹ(3.25),(3.24),(3.23) (2.3)Λ୅ೖࣜ͠Λ੔ཧ͢Δͱࣜ (3.26),(3.27),(3.28)ͱͳΔɻ
Hx
K = 0 (3.26)
Hy






















































































































































































͜͜Ͱࣜ (2.5)Λ x, y, z੒෼ʹ෼ղ͢Δͱࣜ (3.34)ͱͳΔɻ
εA = A(∇m)2
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mxi+1 − 2mxi +mxi−1
myi+1 − 2myi +myi−1









mxj+1 − 2mxj +mxj−1
myj+1 − 2myj +myj−1










mxk+1 − 2mxk +mxk−1
myk+1 − 2myk +myk−1
mzk+1 − 2mzk +mzk−1
⎤
⎥⎦
























±Mxɺ±My ͓Αͼ±Mz Ͱ͕ۃ࣓෼෍͍ͯ͠Δͱ͢Δɻ͜ΕΒ 6ͭͷ໘ʹݱΕΔ؍͕ۃ࣓ଌ఺ʹ࡞Δ੩࣓քΛٻ
ΊΔɻ
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ਤ 3.2: ੩࣓քͷࢉܭηϧ





































ಉ༷ͷࢉܭΛ x− z໘,x− y໘ʹฏߦͳ໘Ͱ͍ߦɺͦΕͧΕͷ໘͝ͱʹ؍ଌ఺ʹ࡞Γग़࣓͢քΛٻΊ଍͠߹ΘͤΔ
ͱɺࢉܭηϧ্ͷ؍͕ۃ࣓ଌ఺ʹ࡞Γग़࣓͢ք͸ Ͱද͞ΕΔɻࣜ(3.42)
Hx = qxx ·mx + qxy ·my + qxz ·mz
Hy = qxy ·mx + qyy ·my + qyz ·mz (3.42)
Hz = qxz ·mx + qyz ·my + qzz ·mz
͜͜Ͱ qxx, qyy, qzz, qxy, qyz, qxz͸੩࣓ք܎਺Ͱ͋Δɻ֤ࢉܭηϧ͕ಉ͡େ͖͞Ͱ͋Γɺಉִؒ͡Ͱنଇతʹฒ



















(qxz(i′ − i, j′ − j) ·mx(i′, j′) + qyz(i′ − i, j′ − j) ·my(i′, j′) + qzz(i′ − i, j′ − j) ·mz(i′, j′))
(3.43)
͜͜Ͱ nx, ny͸ͧΕͧΕ x͓Αͼ yํ޲ͷࢉܭ఺ͷ਺Ͱ͋Δɻ੩࣓ք͸ࢉܭηϧͷද໘͔Βൃੜ͢Δ΋ͷͱ͑ߟɺ
ൃੜͨ͠੩࣓ք͸ࢉܭηϧͷத৺Ͱ؍ଌ͢Δͱͨ͑ߟ৔߹ɺ؍ଌΛࢉܭ͏ߦηϧ͕ηϧͷத৺ྀ͔͍ͯ͠͠ߟͳ
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͍ͨΊɺຊڀݚͰ༻͍ΔΑ͏ͳ௚ํମͷࢉܭηϧͰ͸੩࣓քʹؚ͕ࠩޡࢉܭ·Εͯ͠·͏ɻ੩࣓քΛ؍ଌ͍ͯ͠
Δηϧ಺෦ʹ࡞ΒΕΔ੩࣓քͷฏۉ஋Λ༻͍Δͱ੩࣓քͷࢉܭਫ਼౓͕ྑ͘ͳΔ [23] [24]ɻ









C(j − i) ·B(j), i = 1, . . . n (3.44)
͜͜Ͱ A,B ͸ͦΕͧΕ௕͞ nͷϕΫτϧɺC ͸௕͞ 2n− 1ͷϕΫτϧɺn͸ೋͷྦྷ৐ͷ਺ͱ͢Δɻ͜ͷԋࢉ͸
Convolutionԋࢉͱݺ͹Ε͓ͯΓɺA(1), . . . , A(n)ΛશͯٻΊΔͨΊʹඞཁͳؒ࣌ࢉܭ͸ nͷ 2৐ʹൺྫ͢Δɻࣜ
(3.43)΋͜ͷ ConvolutionԋࢉͷҰͭͰ͋Δɻ
ʹ࣍ B ͓Αͼ C ͕पظ nͷपؔظ਺Ͱ͋Δ৔߹Λ͑ߟΔɻपੑظΑΓ C ͸௕͞ nͷϕΫτϧͰද͢͜ͱ͕Ͱ
͖Δɻ͜ͷͱ͖ɺ(3.44)ࣜͷԋࢉ͸཭ࢄϑʔϦΤม׵Λ༻͍ͯɺҎԼͷखॱͰࢉܭͰ͖Δɻ
1. B ͓Αͼ C ͷϑʔϦΤ੒෼ Br(Bͷ࣮෦),Bi(Bͷڏ෦),Cr(Cͷ࣮෦),Ci(Cͷڏ෦)ΛٻΊΔɻ
2. ΊͨϑʔϦΤ੒෼ͷ֤੒෼Λ௚઀ֻ͚߹Θͤɺ݁ՌΛͦΕͧΕٻ Ar,Aiͱ͢Δɻ
Ar(i) = Br(i) · Cr(i)−Bi(i) · Ci(i)
Ai(i) = Br(i) · Ci(i) +Bi(i) · Cr(i), i = 1, . . . , n (3.45)
3. Ar,AiΛٯϑʔϦΤม͢׵Δɻ͜ͷͱ͖ಘΒΕͨ΋ͷͷ࣮਺෦͕ٻΊΔ΂͖ AͰ͋Δɻ
ͷ͏ͪɺखॱࢉܭͷه্ 1,3͸௕͞ nͷϕΫτϧͷ཭ࢄϑʔϦΤม͓׵Αͼٯม׵Ͱ͋ΔͨΊɺn log(n)ʹൺྫ




·ͣ௕͞ nͷϕΫτϧ B ͼٴ C ΛҎԼͷΑ͏ʹ௕͞ 2nͷϕΫτϧʹ֦ு͠ɺͦΕͧΕ B′, C ′ ͱ͢Δɻ
B′ : B(1), B(2), . . . , 0, 0, . . . , 0
C ′ : 0, C(−n+ 1), C(−n+ 2), . . . , C(0), C(1), . . . , C(n− 1) (3.46)
͜ͷΑ͏ʹͯ͠ಘΒΕͨ B′ͱ C ′ ʹରͯ͠ɺલड़ͷखॱʹै͍ԋࢉΛ͏ߦɻಘΒΕͨϕΫτϧ A′ ͷ






0 0 0 0
0 0 0 0
B(1, 2) B(2, 2) 0 0








0 C(−1, 1) C(0, 1) C(1, 1)
0 C(−1, 0) C(0, 0) C(1, 0)
0 C(−1,−1) C(0,−1) C(1,−1)





































































































































































































































(ẑ × n)×m (3.57)





























͜͜Ͱ x޲ํ࣠ͷࢉܭ఺Λmx=0͔Βmx=nx−1·Ͱͱ͢Δɻภඍ෼ ∂m∂x Λத৺ࠩ෼Ͱ͢ࢉܭΔࡍʹ͸ڥքʹԾ
































ಉ༷ʹ y޲ํ࣠ͷࢉܭ఺Λmy=0͔Βmy=ny−1·Ͱͱ͢Δɻภඍ෼ ∂m∂y Λத৺ࠩ෼Ͱ͢ࢉܭΔࡍʹ͸ڥքʹ





















































(ξ = 2A/D,∆ =
√
A/K)








๞࿨࣓Խ Ms = 1100 emu/cm3
εςΟϑωεఆ਺׵ަ A = 1.6µerg/cm
ҟํੑఆ਺ؾ࣓ Ku = 12.7Merg/cm3
ଛࣦఆ਺ α = 1.0
ճసൺؾ࣓ γ = 17.6Mrad/s ·Oe
DMIఆ਺ D = 0 ∼ 5.5 erg/cm2
Έࠁؒ࣌ ∆t = 0.01 ps
4.1.3 Ռ݁ࢉܭ
·ͣD = 3.0 mJ/m2ͱͨ͠৔߹ͷ࣓ཹ࢒Խঢ়ଶΛௐࠪͨ͠ɻ݁ՌΛਤ ࿦จߦɻ·ͨઌࣔ͢ʹ4.3 [25]ͷ݁ՌΛ
ਤ ɻࣔ͢ʹ4.4
ɺDʹ࣍ = 0 ∼ 5.5 erg/cm2ͱมԽͤ͞ɺDͱڥք෦ʹ͓͚Δmxͷؔ܎Λௐࠪͨ͠ɻ݁ՌΛਤ ·ɻࣔ͢ʹ4.5
ͨઌߦ࿦จ [25]ͷ݁ՌΛਤ ɻࣔ͢ʹ4.6
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ਤ 4.3: D = 0.0, 3.0 mJ/m2 ʹ͓͚Δ࣓ཹ࢒Խঢ়ଶ
ਤ 4.4: ઌߦ࿦จ [25]ͷ݁Ռ
ਤ 4.5: Dͱڥք෦ʹ͓͚Δmx ͷؔ܎ ਤ 4.6: ઌߦ࿦จ [25]ͷ݁Ռ
ਤ 4.3ΑΓɺDMIޮՌʹΑͬͯڥք෦͕͘͜܏ͱ͕֬ೝͰ͖Δɻ·ͨਤ 4.4ͱൺֱͯ͠ɺઌߦ࿦จͷ݁Ռͱఆ
ྔతʹҰக͍ͯ͠Δ͜ͱ͕෼͔Δɻ
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4.2 εΩϧϛΦϯͷ௚ܘͱΤωϧΪʔ
4.2.1 ཁ֓ݧ࣮





















๞࿨࣓Խ Ms = 1100 emu/cm3
εςΟϑωεఆ਺׵ަ A = 1.6µerg/cm
ҟํੑఆ਺ؾ࣓ Ku = 12.7Merg/cm3
ଛࣦఆ਺ α = 0.5
ճసൺؾ࣓ γ = 17.6Mrad/s ·Oe
DMIఆ਺ D = 0 ∼ 8 erg/cm2
Έࠁؒ࣌ ∆t = 0.01 ps
4.2.3 Ռ݁ࢉܭ
ԁ൫ͷ௚ܘΛR = 25, 50, 75, 100 nmͱ͠ɺDMIఆ਺ͱεΩϧϛΦϯ௚ܘͷؔ܎Λௐࠪͨ͠ɻ݁ՌΛਤ ࣔʹ4.9
͢ɻ·ͨઌߦ࿦จ [25]ͷ݁ՌΛਤ ɻࣔ͢ʹ4.10
ਤ 4.9: DͱεΩϧϛΦϯ௚ܘͷؔ܎
ਤ 4.10: ઌߦ࿦จ [25]ͷ݁Ռ
ਤ 4.9,ਤ 4.10ΑΓɺDMIఆ਺ͱεΩϧϛΦϯ௚ܘͷ͕ؔ܎ઌߦ࿦จͷ݁ՌͱҰக͍ͯ͠Δ͜ͱ͕෼͔Δɻ
Λܘɺԁ൫ͷ௚ʹ࣍ R = 100 nmʹݻఆ͠ɺDMIఆ਺ͱΤωϧΪʔͷؔ܎Λௐࠪͨ͠ɻ݁ՌΛਤ ɻࣔ͢ʹ4.11
·ͨઌߦ࿦จ [25]ͷ݁ՌΛਤ ɻࣔ͢ʹ4.12
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ਤ 4.11: DͱΤωϧΪʔͷؔ܎






ʹΑΔڥք΁ͷӨڹΛௐࠪͨ͠ɻਤ 4.3,4.4ΑΓɺD = 3.0 mJ/m2ͱͨ͠৔߹ͷ࣓ཹ࢒Խঢ়ଶ͕ઌߦ࿦จͷ݁Ռͱ
















ϥοΫͰ࣮ݧΛͨͬߦɻؾ࣓ҟํੑ͕௿͍ྖҬΛϏοτϙδγϣϯͱݺͼɺ͔ࠨΒॱ൪ʹ b1, b2, b3, b4ͱͨ͠ɻϨʔ
ετϥοΫͷࠨ୺ (Ϗοτϙδγϣϯ b1)ʹεΩϧϛΦϯΛ഑ஔ͠ɺεϐϯిྲྀΛҹՃ͢Δ͜ͱͰεΩϧϛΦϯΛ
Ҡಈͤͨ͞ɻ͜͜Ͱεϐϯిྲྀ͸ిྲྀີ౓ j ͷిྲྀΛύϧε෯ tp ඵ͚ͩྲྀͨ͠ɻ͜ͷΑ͏ͳ৚݅Ͱిྲྀີ౓ͱύ
ϧε෯ΛมԽͤͨ͞ͱ͖ͷεΩϧϛΦϯͷ੩ࢭҐஔʹ͍ͭͯௐࠪͨ͠ɻ࣮֓ݧཁΛਤ ɻࣔ͢ʹ5.1
ਤ 5.1: ཁ֓ݧ࣮








๞࿨࣓Խ Ms = 580 emu/cm3
εςΟϑωεఆ਺׵ަ A = 1.5µerg/cm
ҟํੑఆ਺ؾ࣓ (௨ৗ࣌) Ku = 8.0Merg/cm3
ҟํੑఆ਺ؾ࣓ (௿Լ࣌) Ku d = 7.5Merg/cm3
ଛࣦఆ਺ α = 0.3
ճసൺؾ࣓ γ = 17.6Mrad/s ·Oe
DMIఆ਺ D = 3.0 erg/cm2
෼ۃ཰ p = 0.4
ඇஅ೤߲ β = 0.3
ϘʔΞࢠ࣓ µB = 9.27408× 10−24 J/T
gyromagnetic splittingfactor g = 2.0× 1.001159657
ૉྔؾి e = 1.602189× 10−19 C
Έࠁؒ࣌ ∆t = 0.1 ps
ిྲྀҹՃޙͷ์ஔؒ࣌ ts = 50 ns
ిྲྀີ౓ j = 0 ∼ 100 MA/cm2
ύϧε෯ tp = 0 ∼ 30 ns
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5.3 Ռ݁ࢉܭ
5.3.1 εΩϧϛΦϯͷҠಈͱ੩ࢭҐஔ




ਤ 5.3ΑΓɺεΩϧϛΦϯ͕εϐϯిྲྀʹΑͬͯ+xํ޲ʹҠಈ͢Δ͜ͱ͕֬ೝͰ͖ͨɻt = 6 nsͰిྲྀΛ੾ͬͨ
Β͔ࠨɺεΩϧϛΦϯ͸ޙ 2൪໨ͷ௿KuྖҬͷத৺ (Ϗοτϙδγϣϯ b2)ʹ͔ͯͬ޲Ҡಈ͢Δ͜ͱ͕෼͔ͬͨɻ
ɺύϧε෯Λʹ࣍ tp = 2 ∼ 14 nsͷൣғͰมԽͤ͞ɺεΩϧϛΦϯͷத৺Ґஔͷؒ࣌มԽΛௐࠪͨ͠ɻ݁ՌΛ
ਤ ɻࣔ͢ʹ5.4






ɺύϧε෯ʹ࣍ tp ͱిྲྀີ౓ j ΛͦΕͧΕมԽͤͯ͞ɺεΩϧϛΦϯ͕࠷ऴతʹ੩͢ࢭΔϏοτϙδγϣϯΛ
ௐࠪͨ͠ɻ݁ՌΛਤ ɻࣔ͢ʹ5.5
ਤ 5.5: ύϧε෯ tp ͱిྲྀີ౓ j ʹΑΔ੩ࢭҐஔͷมԽ
ਤ 5.5͸εΩϧϛΦϯ͕֤৚݅ʹ͓͍ͯ࠷ऴతʹ੩ͨ͠ࢭϏοτϙδγϣϯΛද͢ɻ྘৭ͷྖҬͰ͸ిྲྀີ౓͕
େ͖͗͢ΔͨΊʹεΩϧϛΦϯ͕ྖҬ୺ʹিಥ͠յΕΔ͜ͱΛද͢ɻਤ 5.5ΑΓɺj < 40 MA/cm2ͷ৔߹ɺtpͷ
஋ʹΑΒͣεΩϧϛΦϯ͸Ҡಈ͠ͳ͍͜ͱ͕෼͔ͬͨɻj ≥ 40 mA/cm2ͷ৔߹ɺύϧε෯ʹΑͬͯ੩ࢭҐஔ͕ม
Խ͢Δ͜ͱ͕෼͔ͬͨɻj ≥ 60 MA/cm2ͷ৔߹ɺεΩϧϛΦϯ͕ྖҬ୺ʹিಥ͢Δ͜ͱͰյΕͯ͠·͏৔߹͕͋





















ɺύϧε෯ʹ࣍ tp ͱిྲྀີ౓ j ΛͦΕͧΕมԽͤͯ͞ɺεΩϧϛΦϯ͕࠷ऴతʹ੩͢ࢭΔϏοτϙδγϣϯΛ
ௐࠪͨ͠ɻj < 40 MA/cm2ͷ৔߹ɺtpͷ஋ʹΑΒͣεΩϧϛΦϯ͸Ҡಈ͠ͳ͍͜ͱ͕෼͔ͬͨɻj ≥ 40 MA/cm2
ͷ৔߹ɺύϧε෯ʹΑͬͯ੩ࢭҐஔ͕มԽ͢Δ͜ͱ͕෼͔ͬͨɻj ≥ 60 MA/cm2ͷ৔߹ɺεΩϧϛΦϯ͕ྖҬ୺








































๞࿨࣓Խ Ms = 580 emu/cm3
εςΟϑωεఆ਺׵ަ A = 1.5µerg/cm
ҟํੑఆ਺ؾ࣓ (௨ৗ࣌) Ku = 8.0Merg/cm3
ҟํੑఆ਺ؾ࣓ (௿Լ࣌) Ku = 7.0Merg/cm3
ճసൺؾ࣓ γ = 17.6Mrad/s ·Oe
DMIఆ਺ D = 3.0 erg/cm2
Έࠁؒ࣌ ∆t = 0.1 ps
͞ڧքͷ࣓ྲྀަ Hmax = 400 ∼ 1200 Oe
ύϧε෯ tp = 0.5 ∼ 10 ns
ଛࣦఆ਺ α = 0.1 ∼ 0.6
Ҭͷྖܗ֯ࡾ xํ޲௕͞ Lx = 14 ∼ 34 nm
Ҭͷྖܗ֯ࡾ yํ޲௕͞ Ly = 14 ∼ 34 nm









͞ڧքͷ࣓ྲྀަ Hmax = 1000 Oe
ύϧε෯ tp = 2.0 ns
ଛࣦఆ਺ α = 0.3
Ҭͷྖܗ֯ࡾ xํ޲௕͞ Lx = 22 nm






ਤ 6.3: H+ext ʹΑΔεΩϧϛΦϯҠಈͷ༷ࢠ ਤ 6.4: H
−
ext ʹΑΔεΩϧϛΦϯҠಈͷ༷ࢠ
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ਤ 6.5: H+ext ʹΑΔ Rͷؒ࣌มԽ ਤ 6.6: H
−
ext ʹΑΔ Rͷؒ࣌มԽ
ਤ 6.7: H+ext ʹΑΔεΩϧϛΦϯத৺ͷ x࠲ඪͷؒ࣌มԽ
ਤ 6.8: H−ext ʹΑΔεΩϧϛΦϯத৺ͷ x࠲ඪͷؒ࣌มԽ
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ਤ 6.3,6.4ΑΓɺަྲྀ࣓ք̍पظΛҹՃ͢Δ͜ͱͰεΩϧϛΦϯ͕௚ܘΛมԽͤ͞ͳ͕Β̍ͭྡͷϙδγϣϯʹ
Ҡಈ͍ͯ͠Δ͜ͱ͕֬ೝͰ͖ͨɻ·ͨ tp = 2 nsͰ Lx = 22 nmͷڑ཭ΛҠಈ͍ͯ͠Δ͜ͱ͔ΒɺεΩϧϛΦϯͷ








ਤ 6.7ΑΓɺH+ext ʹΑΔ −xํ޲΁ͷҠಈͷ৔߹ɺHmax = 1000 Oeͷͱ͖ʹ͸εΩϧϛΦϯ͕ަྲྀ࣓ք 1प
Ͱظ 1ͭྡͷϙδγϣϯʹҠಈ͠ɺ3पظҹՃͨ͠ޙʹ͸ 3ͭྡͷϙδγϣϯʹҠಈ͍ͯ͠Δ͜ͱ͕෼͔ͬͨɻ͠
͔͠ Hmax = 1100 Oe·ͨ͸ Hmax = 900 Oeͷ৔߹ʹ͸ަྲྀ࣓քΛ 3पظҹՃͯ͠΋ 3ͭྡͷϙδγϣϯʹҠ
ಈ͢Δ͜ͱ͸Ͱ͖ͳ͍ɻ͜ΕΑΓɺεΩϧϛΦϯͷҠಈͷՄ൱͸ަྲྀ࣓քͷ͞ڧʹґଘ͠ɺަྲྀ࣓ք͕աେ·ͨ










Ճͨ͠ޙɺεΩϧϛΦϯ͕ 3ͭྡͷϙδγϣϯʹҠಈ͍ͯ͠Δ͔൑ఆͨ͠ɻ·ͣॳΊʹଛࣦఆ਺Λ α = ݻʹ0.3
ఆ͠ɺύϧε෯ tp = 0.5 ∼ 10 nsͱมԽͤͨ͞ɻ࣍ʹύϧε෯Λ tp = 2.0 nsʹݻఆ͠ɺଛࣦఆ਺ α = 0.1 ∼ 0.6
ͱมԽͤͨ͞ɻ
·ͣଛࣦఆ਺Λ α = ఆ͠ɺύϧε෯ݻʹ0.3 tp = 0.5 ∼ 10 nsͱมԽͤͨ͞৔߹ͷ݁ՌΛਤ ɻࣔ͢ʹ6.9,6.10








































ਤ 6.10: H−ext ʹΑΔಈ࡞Մೳ࣓քൣғͷ tp ޮՌ
ਤ 6.9ΑΓɺH+ext ʹΑΔ −xํ޲΁ͷҠಈͷ৔߹ɺtp = 1.5 nsͷͱ͖ʹ࠷΋ಈ࡞Մೳ࣓քൣғ͕͘޿ͳΓɺͦ
ͷൣғ͸ 140 OeͰ͋Δ͜ͱ͕෼͔ͬͨɻ
ਤ 6.10ΑΓɺH−ext ʹΑΔ +xํ޲΁ͷҠಈͷ৔߹ɺtp = 2.0 ns·ͨ͸ tp = 2.5 nsͷͱ͖ͷΈҠಈՄೳͰ͋Δ
͜ͱ͕෼͔ͬͨɻ࠷΋ಈ࡞Մೳ࣓քൣғ͕͘޿ͳΔͷ͸ tp = 2.0 nsͷͱ͖Ͱ͋Γɺͦͷൣғ͸ 60 OeͰ͋Δ͜ͱ
͕෼͔ͬͨɻ
ଓ͍ͯɺύϧε෯Λ tp = 2.0 nsʹݻఆ͠ɺଛࣦఆ਺ α = 0.1 ∼ 0.6ͱมԽͤͨ͞৔߹ͷ݁ՌΛਤ 6.11,6.12ʹ
ɻࣔ͢








































ਤ 6.12: H−ext ʹΑΔಈ࡞Մೳ࣓քൣғͷ αޮՌ
ਤ 6.11ΑΓɺH+extʹΑΔ−xํ޲΁ͷҠಈͷ৔߹ɺα = 0.1, 0.2ͷͱ͖ʹ࠷΋ಈ࡞Մೳ࣓քൣғ͕͘޿ͳΓɺͦ
ͷൣғ͸ 140 OeͰ͋Δ͜ͱ͕෼͔ͬͨɻ




ʹɺྖܗ֯ࡾҬͷେ͖͞ΛมԽͤͨ͞ͱ͖ͷεΩϧϛΦϯҠಈ৚݅Λௐࠪͨ͠ɻ͜͜Ͱ͸ tp = 2.0 nsɺα = 0.3ʹ
Ҭͷྖܗ֯ࡾఆ͠ɺݻ xํ޲௕͞ٴͼ yํ޲௕͞Λ Lx = 14 ∼ 34 nm,Ly = 14 ∼ 34 nmͷൣғͰมԽͤͨ͞ɻ͜
͜Ͱ Lx = Ly ɻͨͬߦΛࢉܭ͍͓ͯʹͤ߹Βͣɺશͯͷ૊ݶʹ
H+ext ΛҹՃͨ͠৔߹
݁ՌΛਤ ɻࣔ͢ʹ6.13-6.21












































































































ਤ 6.18: H+ext,Lx=24 nm






















































ਤ 6.21: H+ext,Lx=30 nm
ਤ 6.13-6.21ΑΓɺH+extʹΑΔ−xํ޲΁ͷҠಈͰ࠷΋ಈ࡞Մೳ࣓քൣғ͕͍޿ͷ͸ Lx = 26 nmɺLy = 18 nm
ͷͱ͖Ͱ͋Δ͜ͱ͕෼͔ͬͨɻͦͷͱ͖ͷಈ࡞Մೳ࣓քൣғ͸ 220 OeͰ͋Δɻ








































ਤ 6.23: Lx = 26 nmɺLy = 18 nmʹ͓͚Δಈ࡞Մೳ࣓
քൣғͷ αޮՌ
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ਤ 6.22ΑΓɺ࠷΋ಈ࡞Մೳ࣓քൣғ͕͘޿ͳΔύϧε෯͸ tp = 2.0 nsͷ৔߹Ͱ͋Δ͜ͱ͕෼͔ͬͨɻ·ͨਤ
6.23ΑΓɺ࠷΋ಈ࡞Մೳ࣓քൣғ͕͘޿ͳΔଛࣦఆ਺͸ α = 0.3ͷ৔߹Ͱ͋Δ͜ͱ͕෼͔ͬͨɻ















































































































ਤ 6.29: H−ext,Lx=24 nm






















































ਤ 6.32: H−ext,Lx=30 nm
ਤ 6.24-6.32ΑΓɺH−extʹΑΔ+xํ޲΁ͷҠಈͰ࠷΋ಈ࡞Մೳ࣓քൣғ͕͍޿ͷ͸Lx = 22 nmɺLy = 22 nmɺ
·ͨ͸ Lx = 24 nmɺLy = 22 nmͷͱ͖Ͱ͋Δ͜ͱ͕෼͔ͬͨɻͦͷͱ͖ͷಈ࡞Մೳ࣓քൣғ͸ 60 OeͰ͋Δɻ
ਤ 6.13-6.32ΑΓɺ྆ํ޲΁ͷҠಈΛྀ͢ߟΔͱɺLx = 24 nmɺLy = 22 nmͷ৚͕݅࠷దͰ͋Δɻͦͷͱ͖ͷ








͞ڧքͷ࣓ྲྀަ Hmax = 960 Oe
ύϧε෯ tp = 2.0 ns
ଛࣦఆ਺ α = 0.3
Ҭͷྖܗ֯ࡾ xํ޲௕͞ Lx = 22 nm
Ҭͷྖܗ֯ࡾ yํ޲௕͞ Ly = 22 nm
εΩϧϛΦϯΛྖܗ֯ࡾҬ 3ͭຖʹ഑ஔͨ͠৔߹ͷγϛϡϨʔγϣϯ݁ՌΛਤ Ҭྖܗ֯ࡾͨ·ɻࣔ͢ʹ6.33 2
ͭຖʹ഑ஔͨ͠৔߹ͷγϛϡϨʔγϣϯ݁ՌΛਤ ɻࣔ͢ʹ6.34
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ਤ 6.33: Ҭྖܗ֯ࡾ 3ͭຖʹ഑ஔͨ͠৔߹ͷεΩϧϛΦ
ϯҠಈͷ༷ࢠ
ਤ 6.34: Ҭྖܗ֯ࡾ 2ͭຖʹ഑ஔͨ͠৔߹ͷεΩϧϛΦ
ϯҠಈͷ༷ࢠ
ਤ 6.33ΑΓɺྖܗ֯ࡾҬ 3ͭຖʹ഑ஔͨ͠৔߹͸ 5ͭͷεΩϧϛΦϯશ͕ͯҰͭྡͷϙδγϣϯʹҠಈՄೳͰ
͋Δ͜ͱ͕෼͔ͬͨɻҰํɺਤ 6.34ΑΓɺྖܗ֯ࡾҬ 2ͭຖʹ഑ஔͨ͠৔߹͸εΩϧϛΦϯಉ͕࢜൓ൃ͠ɺҰ൪
ӈͷεΩϧϛΦϯ͕Ҡಈ͍ͯ͠ͳ͍͜ͱ͕෼͔ͬͨɻ
Ҭྖܗ֯ࡾ 3ͭຖʹ഑ஔͨ͠৔߹ɺ͜ͷϨʔετϥοΫϝϞϦͷه࿥ີ౓Λ͢ࢉܭΔͱɺ187 Gbit/in2 Ͱ͋Δ
͜ͱ͕෼͔ͬͨɻ
ຊڀݚͰ༻͍ͨ৚݅Ͱ͸ɺަྲྀ࣓քΛҹՃ͠ͳ͍ͱ͖ͷεΩϧϛΦϯͷ௚ܘ͸D = 17 nmఔ౓ͩͬͨɻΑΓখ
͞ͳαΠζͷεΩϧϛΦϯ͕ଘ͢ࡏΔΑ͏ͳࡐੑ࣓ྉΛ༻͍Δ͜ͱͰྖܗ֯ࡾҬΛখ͘͢͞Δ͜ͱ͕ՄೳʹͳΓɺ
ͷࡏݱΒΕΔɻ͑ߟΔͱ্͢޲࿥ີ౓͕ه HDDͷه࿥ີ౓͸໿ 1 Tbit/in2 Ͱ͋Δ͔ΒɺεΩϧϛΦϯͷ௚͕ܘ
໿ 1/
√
5ɺ͢ͳΘͪD = 7 ∼ 8 nmͱͳΔΑ͏ͳࡐੑ࣓ྉΛ༻͍Δ͜ͱͰɺࡏݱͷ HDDͱಉ౳ͷه࿥ີ౓Λ࣮ݱ
Ͱ͖Δ͜ͱ͕෼͔ͬͨɻ









ϛϡϨʔγϣϯͰٻΊͨ t = 0 ns࣌఺ʹ͓͚ΔεΩϧϛΦϯͰ͋Δɻ࡞੒ͨ͠ΤωϧΪʔϚοϓΛਤ ɻࣔ͢ʹ6.35
ද 6.4: ΤωϧΪʔϚοϓ࡞੒ʹ͓͚Δࢉܭ৚݅
͞ڧքͷ࣓ྲྀަ Hmax = 1000 Oe
ύϧε෯ tp = 2.0 ns
ଛࣦఆ਺ α = 0.3
Ҭͷྖܗ֯ࡾ xํ޲௕͞ Lx = 22 nm
Ҭͷྖܗ֯ࡾ yํ޲௕͞ Ly = 22 nm
ਤ 6.35: t = 0 ns࣌఺ͷεΩϧϛΦϯʹΑΔΤωϧΪʔϚοϓ
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ਤ 6.38: DWlen ͱΤωϧΪʔͷؔ܎
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ਤ 6.39: ΔεΩϧϛΦϯͷΤωϧΪʔϚο͚͓ʹ֤ؒ࣌
ϓ (ܝ࠶) ਤ 6.40: ΔεΩϧϛΦϯͷDWlen͚͓ʹ֤ؒ࣌ Ϛοϓ
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Ίͨɻ݁ٻ΁ͷҠಈͷ৔߹ʹ͍ͭͯ΋ಉ༷ʹΤωϧΪʔϚοϓͱDWlenϚοϓΛ޲ɺH−extʹΑΔ+xํʹޙ࠷
ՌΛਤ ɻࣔ͢ʹ6.41,6.42
ਤ 6.41: H−ext ΛҹՃͨ͠৔߹ͷΤωϧΪʔϚοϓ
ਤ 6.42: H−ext ΛҹՃͨ͠৔߹ͷDWlen Ϛοϓ
H−ext ʹΑΔ +xํ޲΁ͷҠಈͷ৔߹ʹ͓͍ͯ΋ಉ༷ʹɺΤωϧΪʔϚοϓͷมԽͱڞʹεΩϧϛΦϯ͕Ҡಈ͠
͍ͯΔ͜ͱ͕֬ೝͰ͖ͨɻ·ͨΤωϧΪʔϚοϓͱDWlen Ϛοϓͷ૬ؔؔ܎΋֬ೝͰ͖ͨɻ









γϣϯʹҠಈ͍ͯ͠Δ͜ͱ͕֬ೝͰ͖ͨɻ͜ͷͱ͖ͷεΩϧϛΦϯͷҠಈ଎౓͸ v = 11 m/sͰ͋ΓɺεΩϧϛΦ




ΊΔͨΊɺύϧε෯ٻքൣғΛ࣓Մೳ࡞ಈ͍޿ɺΑΓʹ࣍ tpɺଛࣦఆ਺ αɺྖܗ֯ࡾҬͷ xํ޲௕͞ Lxٴͼ y
௕͞޲ํ Ly ΛมԽͤ͞ͳ͕ΒεΩϧϛΦϯҠಈͷγϛϡϨʔγϣϯΛ͍ߦɺಈ࡞Մೳ࣓քൣғΛௐࠪͨ͠ɻ࠷΋
ಈ࡞Մೳ࣓քൣғ͕͘޿ͳΔ৚݅͸ Lx = 24 nmɺLy = 22 nmɺtp = 2.0 nsɺα = 0.3ͷ৔߹Ͱ͋Δ͜ͱ͕෼͔ͬ
ͨɻͦͷͱ͖ͷಈ࡞Մೳ࣓քൣғ͸ −xํ޲΁ͷҠಈ͕ 120 Oeɺ+xํ޲΁ͷҠಈ͕ 60 Oeͩͬͨɻ
ɺεΩϧϛΦϯΛʹ࣍ 5ͭ഑ஔ͠ɺεΩϧϛΦϯؒͷ࠷దڑ཭Λௐࠪͨ͠ɻྖܗ֯ࡾҬ 3ͭຖʹ഑ஔͨ͠৔߹͸
5ͭͷεΩϧϛΦϯશ͕ͯҰͭྡͷϙδγϣϯʹҠಈՄೳͰ͋Γɺ͜ͷͱ͖ͷه࿥ີ౓Λ͢ࢉܭΔͱɺ187 Gbit/in2

































ΊΔͨΊɺύϧε෯ٻքൣғΛ࣓Մೳ࡞ಈ͍޿ɺΑΓʹ࣍ tpɺଛࣦఆ਺ αɺྖܗ֯ࡾҬͷ x, yํ޲௕͞ Lx, Ly
ΛมԽͤ͞ͳ͕ΒεΩϧϛΦϯҠಈͷγϛϡϨʔγϣϯΛ͍ߦɺಈ࡞Մೳ࣓քൣғΛௐࠪͨ͠ɻ࠷΋ಈ࡞Մೳ࣓
քൣғ͕͘޿ͳΔ৚݅͸ Lx = 24 nmɺLy = 22 nmɺtp = 2.0 nsɺα = 0.3ͷ৔߹Ͱ͋Δ͜ͱ͕෼͔ͬͨɻ·ͨ͜
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